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INTRODUCTION 


Cercosporella foot rot of winter wheat, caused by a soil-borne fungus, 
Cercosporella herpotrichoides Fron (12) ', occurs in the United States 
in certain sod-grass prairies (14) in the Columbia River Basin of Oregon, 
Washington, and Idaho. It has been pointed out that, while the 
disease is not spreading very rapidly into other regions (1 4), it does, 
in its present range, fluctuate in severity from year to year (15). It 
is the purpose of this circular to present data on the influence of 
certain environmental conditions on the occurrence and severity of 
the disease as a means to determine proper agronomic practices for 
controlling the malady. 

In the earlier years of this work the amount of disease present in a 
given field was expressed in percentage of diseased culms on a unit 
area. In most of the ca: ~ reported herein, however, the amount of 
injury, which is termed the ntage injury’’, is based on a separa- 
tion of the culms from a unii a. into six classes according to the 
severity of the disease, as follows. (1) Healthy, (2) slight, (3) moder- 
ate, (4) severe, (5) very severe, and (6) dead. These classes were 


1 Jtalic numbers in parentheses refer to Literature Cited, p. 39. 
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described and their relative severity given in a previous article (13). 
In each case it will be made clear whether the estimate of the amount 
of injury is based on the percentage of diseased culms alone or on 
“percentage injury” basis. 


EXPERIMENTAL STUDIES 


The experimental studies were conducted in the field under natural 
conditions of infestation or in the greenhouse at Corvallis, Oreg., and 
the Arlington Experiment Farm, Arlington, Va., under controlled or 
partially controlled conditions. 


SOIL-MOISTURE STUDIES 


Studies on the possible relation of soil moisture to the development 
of cercosporella foot rot were conducted along the following lines: 
(1) Determination of wilting point coefficients of foot rot infested 
soils and (2) studies of soil moisture in relation to severity of foot 
rot. The latter studies were conducted both in the field and in the 
ereenhouse. 

DETERMINATION OF WILTING POINTS _ 

By means of the Briggs and Shantz (1) method, the wilting-point 
coefficients were determined for the soils of a number of fields where 
foot rot occurred. 

Buckwheat (Fagopyrum esculentum Moench) was used as a test 
plant in all light soils and the annual sunflower (Helianthus annuus L.) 
was used in the few heavy soils. The plants were grown during the 
winter months, in the greenhouse at Corvallis, in tin cans having a 
capacity of 12 liquid ounces and of the type usually termed tall 
‘“‘olive cans.’”’ When the plants were well rooted the soil was covered 
with paraffin. Asarule, it required from September to March for the 
plants to become permanently wilted. This so-called wilting was more 
of a xerosis than a drooping. The determinations were replicated 
five times on the soil samples taken at each location (station) and the 
wilting-point coefficients were averaged. The results are given in 
table 1. 


TABLE 1.—Wiliing-point coefficients of foot rot infested soils in the Columbia River 
aes 


asin 

: : ee Wilting-point 
General location Stations Soil type : panicl ane 

Oregon: Number 

MoM MON Countyosse eee eee 1 Fees series; very fine sandy 12.2 
oam. 
Seven Mile Hill, Wasco County__-_-______- 4 ORME ES [A Ree 5-7 
Tygh Ridge, Wasco County-..-_..-_-__-2 If (hine'sandy loam: <=2-=5=== 7-8 
Washington: : | 

Amatone: Asotin: County. 2 | 1 | Palouse series (?) loam__-_____- 14 
High Prairie, Klickitat County__________- 103) Eimelsand y loam sae | 6. 8-8 
1 | Garrison gravelly loam___---_- | 3.4 


Liberty Lake Junction, Spokane County__ 


Most of the soils except the darker types from near Elgin, Oreg., 
and Anatone, Wash., were characterized by low wilting-point coeff- 
cients. The extremely low wilting point for the station near Liberty 
Lake Junction, Wash., is explained by the fact that the soil contained 
considerable small gravel, the actual wilting pomt of the rock-free 
soil undoubtedly being somewhat higher. 
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In the late winter, soon after the snow has disappeared, the total 
moisture in the surface soils of Tygh Ridge, Seven Mile Hill, and 
High Prairie approximates 30 percent, but as a rule it steadily decreases 
until by harvest it has reached a point considerably below the wilting 
coefficient. At times, late in the growing season, it was found that 
the top 3 inches of soil, where Cercosporella herpotrichoides is most 
abundant, contained only 2.5 percent of total soil moisture. 


INFLUENCE OF AVAILABLE SOIL MOISTURE ON THE SEVERITY OF FOOT ROT 


Studies to determine the possible relation of soil moisture to the 
development of foot rot were conducted (1) in infested fields in the 
Grande Ronde Valley of Oregon, near Imbler and Elgin, and in the 
Columbia Gorge area on Tygh Ridge, Oreg., and on High Prairie, 
Wash., and (2) in the greenhouse at Corvallis, Oreg. 


FIELD STUDIES 


Soil samples were collected and observations were made on the 
development of foot rot at each of several numbered locations in the 
different field studies. Each time the soil samples were taken, obser- 
vations also were made on the development of foot rot at each location. 
In the earlier studies the soil samples were taken from the top 3-inch 
layer and also from the 6- to 9-inch level. After the first year it was 
found that the top 3 inches of soil was the layer chiefly concerned with 
the immediate development of the fungus; after that time, therefore, 
only the top 3-inch layer was studied, except at seeding time, when soil 
samples from the 6- to 9-inch layer also were taken. The percentage 
of total soil moisture and of available soil moisture in the various soil 
samples was determined in the usual way. Percentage losses from 
the foot rot organism were recorded according to the method pre- 
viously described (15). The results obtained at the different localities 
will be discussed separately. 

The field studies in the Grande Ronde Valley near Imbler, Oreg., 
were conducted on the C. Woodell ranch. The soil is a fine sandy 
loam. As shown in figure 1, A, the severity of the disease is greatest 
at the lower elevations in the field where the average soil-moisture 
percentages for April to July are highest. 

Near Elgin, Oreg., the field studies were conducted on the H. 
Parson ranch (fig. 1, B). Here the soil is a very fine sandy loam, 
probably of the Palouse series. The soil-moisture stations extended 
along a level stretch of fertile ground where soil moisture and foot rot 
were both rather uniformly distributed. The slight variations in 
both were directly correlated. 

The field studies in the Columbia Gorge area on Tygh Ridge, Oreg., 
were conducted on the Hunter ranch (fig. 1, C). Here also the soil 
was fine sandy loam. A contour map (fig. 2) in which the location of 
the numbered soil-moisture stations 1s indicated, shows that the area 
was rather large and included various exposures and elevations. 
There were also slight to moderate variations in soil types. The 
seasonal progress of the disease at the different stations in 1931 is 
shown in figure 3. The average available soil moisture for April 19, 
May 28, and July 2, 1931, is given in figure 1, C. The correlation in 
this series was obscured by a number of factors. As shown in figure 
2, stations 19 to 21 were on the higher portions of the field and no 
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foot rot was present there nor has it occurred there in any year from 
1929 to 1935. Station 18 was on a steep slope above a depression at 
station 17. Foot rot was present in station 17 but absent at station 
18, the latter being so situated that heavy blankets of snow accumulate 
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FIGURE 1.—Percentage injury from cercosporella foot rot and percentage soil moisture at numbered stations 
in infested wheat fields: A, Near Imbler, Oreg.; B, near Elgin, Oreg.; C, on Tygh Ridge, Wasco County, 
Oreg.; and D, on High Prairie, Klickitat County, Wash. 


there and the wheat was retarded in growth. All observations show 
that wheat subjected to prolonged snow covering obtains such a late 
start that Cercosporella herpotrichoides does not have time to cause 
severe injury before the beginning of the hot dry season. Stations 
5 and 6 were in soil filled with straw, where an old straw stack had 
been, and because of the abnormal condition should be disregarded in 
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relation to the present study. There was very little correlation in 
stations 4 to 1, which lay above a seepage area at station 0. The 
wheat in this depression made rank growth, which exhausted the soil 
moisture very early. During the season, with its exceedingly varying 
droughts and torrential rains, there was no observable correlation 
between foot rot and soil moisture. 

It is evident from these data from Tygh Ridge that it is seared 
to avoid as many modifying factors as possible in studying soil mois- 
ture and foot rot development, particularly in a semiarid region. 





FIGURE 2.—Contour map ofa field on Tygh Ridge, near Dufur, Oreg., with infested portion stippled, show- 
ing the location of the soil-moisture stations indicated by numbers in circles. The average percentage 
available soil moisture at the various stations is shown in figure 1, C. The location of the 1930-31 varietal 
test plot isshown by outline, extending from stations7to1ll. An intermittent spring occurs at station 0. 


On High Prairie, the field studies on soil moisture in relation to foot 
rot development were conducted on the C. A. Johnson ranch in the 
years 1930-31 and 1931-32 (fig. 1, D). The progress of we disease 
at 10 different soil-moisture stations from March to the earl ly part of 
July 1931, and the distribution of rainfall at Goldendale, Wash., are 
given in firure 4. Itis noted that stations 1, 2, 7, 8, 9, and 10, which 
were on the ‘‘white’”’ soil phase (subsoil), had “considerably less foot 
rot than stations 3, 4, 5, 6, and 11, which were on the more fertile, 


darker, very fine sandy loam soil, As shown in figure 1, D, for stations 
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1 to 5, there was again direct correlation between the average amount 

of available soil moisture and the resulting percentage of foot rot. 
Observations in the same area, but in a different portion of the field, 

were continued in 1932 and the results are shown graphically in figure 
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FIGURE 3.—Seasonal progress of cercosporella foot rot at different numbered soil-moisture stations in an 
infested field on Tygh Ridge, and precipitation at Dufur, Oreg., in 1931. The location and elevation (in 
feet) of the stations are shown in figure 2. Note the actual decrease in foot rot during the prolonged dry 
period in April and early May and the abrupt increase after the heavy rains in June. 





5. Again they show a correlation between the average amount of 
available soil moisture and percentage injury from foot rot. However, 
the difference in the average amount of soil moisture available in 
stations 6 to 10, which belonged to the ‘‘white’’ phase soil, and the 
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FIGURE 4.—Seasonal progress of cercosporella foot rot at different numbered soil-moisture stations in an 
infested field on High Prairie, Klickitat County, Wash., and the distribution of rainfall at Goldendale, 
Wash., February to July 1931. Note the slight decrease in foot rot during the prolonged dry period in 
April and early May and the abrupt increase after the heavy rains in June, 
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more fertile, darker phase (station 5, Intermediate) was not nearly 
so great as the differences in percentages of foot rot present in these 
stations. In this case, the amount of soil moisture available at seed- 
ing time apparently was of far greater significance. The whiter phase 
puddles readily during rainy weather and dries quickly. The summer 
fallow in these places is always much drier than in the mellow, darker 
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FIGURE 5.—Seasonal progress of cercosporella foot rot, soil-moisture percentages at different numbered soil- 


moisture stations, and precipitation in an infested field on High Prairie,!Klickitat County, Wasb., in 1932. 
Note that there is not much difference in the amount of soil moisture in the various stations during the 
spring, but that stations 6 and 10 (white soil phase) had very little soil moisture at seeding time. Observe 
also that the foot rot ceased to develop after the soil moisture dropped to near the wilting point. 


soil phase.2 In the lighter soil wheat usually does not emerge until 
the fall rains moisten the soil. 

As shown in figure 5, the indications are that cercosporella foot rot 
practically ceases to develop when the available soil moisture ap- 
proaches zero. The figure also shows the influence of rain on the 
percentage of soil moisture in the critical top 3 inches of soil, the 


2 Tests run by G. O. Baker at Washington State College show that the dark phase has a good quantity 
of humus and a light phase, which belongs to the subsoil, has only a fair quantity of humus. 
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amount of available soil moisture depending almost entirely on local 
rainfall after the winter accumulation of soil moisture has disappeared. 


GREENHOUSE STUDIES 


Two experiments were conducted in a greenhouse at Corvallis to 
determine, under partially controlled conditions, the effects of differ- 
ent soil moistures on the development of cercosporella foot rot. One 
series was conducted in the late winter and spring of 1931 and the 
other in the winter of 1931-32. In both experiments, Newberg sandy 
loam soil and Hybrid 128 wheat were used. In the inoculated series 
in each experiment, the seed when sown was inoculated with pure cul- 
tures of Cercosporella herpotrichoides and the greenhouse kept cool and 
moist, as previously described (15, p. 8). Percentage injury was esti- 
mated by the use of a sliding a as follows: Healthy, no injury; 
slight, 10 percent injury; moderate, 30 percent injury; severe, 50 per- 
cent injury; very severe, 80 percent injury; dead, 100 percent injury. 

This system, a modification of the field scale (1 5, p. 8), was found 
satisfactory during the experiments conducted on soil moisture in the 
greenhouse in 1931, but the sliding scale was modified to some extent 
in later studies. 

In the first experiment, 8-inch drainage tiles were used for soil con- 
tainers. These were filled with soil and used in two series of four tiles 
each; one series was not inoculated, and the other was inoculated with 
Cercosporella herpotrichoides at seeding time in the usual way. When 
the experiment was started the soil was uniformly and only moder- 
ately moist. The differences in soil moisture were obtained by adding 
water at different intervals. In each series the water was added at 
the rate of one-half pint for each tile container. The experiment was 
started January 13 and terminated April 16, 1931. The results given 
in table 2 are averages of four replications. 


Tass 2.— Effect of different frequencies of watering on the severity of the cercosporella 
foot rot on Hybrid 128 wheat plants 


[Seeded and inoculated Jan. 13, 1931. Data taken Apr. 16, 1931, Corvallis, Oreg.] 





Culms on plants inoculated, showing indi- 





cated severity of infection Pp 

3 

Relative soil Plants o 2 

Frequency of watering!|} moisture condi- | not inoc- 5 5 2 

tions ulated 2 S = lz 8 

SWS S| Pee tere a| Ci cePMIN renee Menno ites 

a \iveehs Pomel. erislps) jes ies 

se Ti ee ms as = Ay 

Num-| Num-| Num-| Num-| Num-| Num-| Num- 
Number | ber ber ber ber ber ber ber 
IDI es 2224 Se ee Near saturation_ 30 24 10 19 13 4 0 LON 2304 
Every second day_____- Abundant_-_____- 46 25 4 11 21 6 2 69 | 30.4 
Every fourth day______|_-__- GOES ster Ses 45 22 8 3 2 4 7 46 | 28.0 
Every seventh day____-| Moderate_______ 39 27 2 3 2 2 1 B¥/ ||, IPA 
Every twenty-first day_| Moderate to dry 41 29 7 2 2 0 2 A2P |e Obie 
No water added after | Eventually very 42 39 6 0 0 0 0 45 1383 
Seeding. dry. 
1 Rate of one-half pint per 8-inch drainage tile. 2 All plants remained healthy. 


The results of this experiment indicate that Cercosporella herpotri- 
choides was most active in a soil having an abundance of moisture. 


2364 °—37——2 
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The injury to wheat grown in the nonwatered tile occurred during the 
first 2 months of the experiment while the original soil moisture was 
still sufficiently abundant to permit initial infection. 

In the other experiment known percentages of soil moisture were 
used, and the wheat was grown in 8-quart galvanized sheet-metal 
_ pails. After seeding, the pails were covered with paraffined cloth until 
the wheat emerged. Water was introduced into the soil by means of 
long-neck funnels at various levels in an effort to distribute the mois- 
ture as uniformly as possible. As shown in figure 6, the optimum avail- 
able soil moisture for the development of the foot rot in Newberg 
sandy loam was 16 percent. The fungus was able to make some prog- 
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FIGURE 6.— Percentage injury to Hybrid 128 wheat inoculated with Cercosporella herpotrichoides at seeding 
time and grown in the greenhouse in Newberg sandy loam held at different percentages of available soil 
moisture, Corvallis, Oreg., 1931-32. 


ress almost up to the saturation point of 21 percent available soil 
moisture, but 1t did not thrive above 18 percent. 


AERATION AND HUMIDITY STUDIES 


The moist blanket of air next to the ground line is an important 
factor in the development of cercosporella foot rot. The relative 
humidity of this portion of the plant’s environment depends largely 
on the amount of moisture in the soil. Therefore, the data on aera- 
tion and humidity merge with those on soil moisture and must be 
considered with them. 

It has been observed that high winds, which frequently follow 
spring rains in eastern Oregon and Washington, dry the ground and 
retard the progress of the disease. The edges of fields, which usually 
dry out soon after a rain, are always free of foot rot. In varietal 
tests it is always necessary ‘to sow several buffer rows around the outer 
portions of the plot because these exposed rows are almost free from 
the disease. 

Following the epiphytotic of cercosporella foot rot in 1927-28, 
there were 3 years (1928-29, 1929-30, 1930-31) in which the precipita- 
tion was considerably lower than average. During these years it was 
possible to reduce materially the humidity in portions of fields by 
ee the wheat. The results of such an experiment are given in 
table 3. 
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TABLE 3.—Effect of thinning plants on development of cercosporella foot rot ae 
Hybrid 63 wheat sown in 7-inch drill rows in a field on Tygh Ridge, ete 
Sept. 1 and emerged Sept. 12, 1929 


[Data taken by culm count of rows 64 feet long, June 10, 1930] 


ee Sea | Diseased 
Row no. Amount of thinning | alii 
| Percent 

TRO eee ee a INONG TAMOVEdE == 2 Bes es 2 ee ee oi ee Te oe 
ne eS St ae Re ee eT ba HO percent oplantsiremoved== 2] eee ee eee eee eee 63. 6 
GUTSY a ee oe ee INOTIG TOMO VEC ek 3 eg EE ra a Es Se ae Be 55.3 
See ee eee a ee Se Se i PCLCCNPORDIANLS TeMOVed = = — 2) see en ie 33. 0 
Ci Ose a ee ees INGNeremMGVed ee = == 522 Saar a a Se NE Sneaee oe 67.0 
PS bie ar oe oe Posh See All removed except 1 plant per linear foot___________________________ 40. 3 
PAS ee Le) EN, INOHGIFEMO Ved] f2-/i- eee oT RR a ees SOU Ie et Lk 65. 0 
Ce ee Se Se ee CEE ae a a eed i ae ee ee 82.6 

se ee ee a Qa 2 = 2 sade Soe ee 2 Lei ee eee ee 43. 0 
Ato ISs2 1 Foyt ass. 2 ATL GeMOMEO 2223... + SN 18 Bas ets Se ee eee eR eee FERS 
[Qn Seine See he EE All removea except 1 plant per linear foot____-___-_________-_______- TAD: 
QO Os2 Baws Sra STi AID ROMOVEG 2 Fee 25h SS ate eh Ey, oll eee ae ke oa LY A 
DIE ORAS MAES RMN La INONG TEMOVE GS-2 222 Lis ee es) Ee eee 41.7 
DO COLZOS sae ee All removed_-____---- De eis SS oe eee es 2 ie 2 ee a 
Dies SSS Se Tey INOHe removed! ee = ees 8 SE | ae eee 43.3 
PEAS OAS Yoo ee ats Rk ee AU rem Ove iee2 oS 2 Fe ees ee es ee ee ee eee 

ae oT Te Sa INOneiReMmoved S222: Se. eels Saas es SN ees. 22 os ee ee ee 52.3 


It is evident from the data in table 3 that extreme thinning, as in 
rows 17 to 21, inhibited the development of the foot rot to a consider- 
able extent, presumably by favoring such aeration as to lower the 
relative humidity around the bases of the plants and render conditions 
unfavorable for the optimum development of the fungus. 

Late in October 1929, another experiment was started on Tygh 
Ridge in which wheat straw was placed to a depth of 4 inches around 
the young Hybrid 63 plants that had emerged in mid-September. 
The ground was known to be heavily infested with Cercosporella 
herpotrichoides. The soil was very dry, and the wheat was already 
suffering from drought. Comparatively little snow or rain fell the 
ensuing winter, and in the spring the soil under the straw was still 
dry. Part of the straw was removed March 18, 1930, and placed 
around plants that had passed the winter exposed. This straw was 
then left in place until the final records were taken. The exposed 
soil was moderately moist at the time. Data on the severity of the 
foot rot were taken April 25, June 11, and July 10 and are presented 
in table 4. The results show that the straw applied in the fall kept 
the soil dry, as compared with the portion of the field adjacent to the 
experiment, and prevented the foot rot from developing to any extent. 
On the other hand, the straw applied on moist ground in the spring 
subjected the plants to a prolonged moist period favoring foot rot 
and reduced evaporation from the soil during the dry, late season. 


TaBLE 4.—Influence of straw mulches on the development of cercosporella foot rot 
on Tygh Ridge, Oreg., 1929-30 
Culms showing foot rot— Fallen 
Treatment |] culms, 
Apr. 25 | Junell | July 10 | July 10 


Percent | Percent | Percent | Percent 
4 





SUB GT DEG Be Gl 2 a a eae ee ee 7 6.7 18.8 

Comin (a Sie) a eee oe a Pe eee Lod ee 68. 3 47.5 Beeb 10 
Straw applied Oct. 23, 1929, and removed Mar. 18, 1930_________|__________ 8.5 24. 6 6 
GUHIETO MOHENSEEAVE) =e ee ee RE eens ae eee 47.5 77.0 20 
SEU SIGNGG. WYER Y Eee ee es ee eae 100. 0 96. 2 90 
2 CG GIG QuBE ee a e S e  e eeee 90. 0 THEE 30 
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In later trials under more nearly average conditions, where straw 
was distributed in the fall on moist ground, between the wheat rows, 
the disease was more severe the following spring than where no straw 
had been applied. 

Fellows*® reported that in one experiment in cercosporella-infested 
’ ground, in the Grande Ronde Valley in 1923-24, the heavier the 
seeding the higher the percentage of diseased plants. He states 
that— 
that portion of the plot which was seeded to 5 pecks per acre showed 15.9 per- 
cent diseased plants, 3 pecks per acre 1.3 percent, while 2 and 1 pecks per acre 
showed no signs of the disease. 

He also mentioned that foot rot was not particularly abundant that 

ear. 

: The effect of aeration brought about by wind on retarding the 
progress of the disease is illustrated in an experiment conducted in 
the greenhouse at Corvallis during the winter of 1931-32. Hybrid 
128 wheat was grown in Newberg sandy loam soil in boxes having a 
cubic-foot capacity, inoculated in the usual way at seeding time, and 
kept watered so as to give approximately 16 percent available soil 
moisture. After the plants had emerged, one series of three boxes, 
series 1, was placed in front of an electric fan and another set of three 
boxes, series 2, was kept at a distance under otherwise identical con- 
ditions. Both series were watered every 3 days and the fan was run 
for 24 hours after each watering and so directed as to throw a current 
of air continuously on series 1. Foot rot developed in both series 
but more severely in series 2. A number of plants in series 1 died 
from foot rot and desiccation while very young. In series 2 the foot 
rot continued to develop until harvest, while in series 1 it ceased to 
develop soon after the experiment was started. In series 1 the ground 
was thoroughly dry to a depth of an inch or more soon after the fan 
was turned on; in series 2, the surface soil was moist all the time. 
At harvest the plants in series 1 showed 17.2 percentage injury from 
foot rot, whereas those in series 2 showed 41.6 percentage injury. 
These results indicate that aeration not only checks the development 
of foot rot, but also tends to hasten the death by desiccation of culms 
weakened by the disease. 

In the seasons of 1932-33 and 1933-34, the comparative relative 
humidity at the plots on High Prairie, Wash., and at The Dalles 
(1932-383) and Moro, Oreg., (1933-34) were obtained by self-record- 
ing hygrographs. The results indicated that the period of relatively 
low humidity, which comes with the end of the spring rains, occurs 
several weeks earlier at Moro and The Dalles than at High Prairie, 
thus limiting the length of the period favorable for development of 
foot rot. 

It was indicated in the hygrograph charts that the high humidity 
of the night (frequently 100) in the prairie country is counteracted 
by the drying winds of the day so that the fungus must depend on 
frequent and timely rains for its development in the spring. The 
fact that the precipitation on High Prairie is nearly twice as great as 
at Moro and 50 percent greater than at The Dalles accounts for the 
presence of foot rot on High Prairie and not at the two drier loca- 
tions. Therefore, in these latter locations the daily relative humidity 


3 Unpublished report in files of Division of Cereal Crops and Diseases. 
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is of significance only as it relates to the available soil moisture, which 
is itself correlated with seasonal rainfall. 


TEMPERATURE STUDIES 


In the present investigations studies were made on the effects of air 
and soil temperatures on the development of the disease and also on 
the effects of air temperatures on the growth of Cercosporella herpo- 
trichoides in pure culture. 


AIR TEMPERATURES 


A number of experiments were conducted in the greenhouse at 
Corvallis for the period from 1929 to 1932, to determine the effects of 
different air temperatures on the development of the diséase. 

During the winter of 1929-30 three varieties of wheat were grown 
in greenhouse flats 4 to 6 inches deep. Some of the seed was not 
inoculated and some was inoculated at seeding time, as previously 
described (15). Some of each of the inoculated and noninoculated 
flats were kept.in a cool, humid greenhouse at a temperature of 45° 
to 60° F., throughout the experiment, and the others were kept in a 
warm, humid greenhouse at about 75°, for the first 3 weeks and then 
transferred to the cool greenhouse. Disease readings were taken 
when the wheat was in the soft-dough stage, and the percentage of 
infected culms is given in table 5. 


TaBLe 5.—Percentage of infected culms of 3 varieties of wheat grown under 
different treatments at Corvallis, Oreg., 1929-30 


| Infected culms from plants grown— 


Variety | Continuously in (In warm greenhouse 
cool greenhouse for first 3 weeks 


| 

. 

| Not in- ; Inocu- | Not in- Inocu- 
| oculated | lated | oculated| lated 


| | 


| 











2 Percent | Percent | Percent | Percent 
De = Be oe ee eae eee 0 93.7 0 | 41.8 
oi? LEDs ee Sees Speen 118} 100.0 0 | 61.7 
Goldcoin X Pacific Bluestem (Union 27 S. B.)_________________ | 0) 47.2 0 8.3 

6 0 


BEETS oN a ae Nee a ee I A | 80.3 37.2 


1 Infection from secondary spread from nearby inoculated plants, spores being carried by splashing water 
when inoculated plants were watered. 


During the winter and spring of 1930-31, a number of similar 
experiments were conducted under semicontrolled conditions. The 
methods used were similar to those employed the preceding years, 
except that the disease data were recorded by the method previously 
mentioned (p. 9) for estimating percentage injury. The results 
obtained in one of these experiments are given in table 6. 
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TABLE 6.—Estimated percentage injury from Cercosporella herpotrichoides on dif- 
ferent varieties of inoculated wheat when grown at different temperatures in the 
greenhouse at Corvallis, Oreg., Jan. 23 to May 18, 1931 


Culms and percentage injury at— 











Variety : - 
40° to 65° F 1 70° F.2 70° to 75° F.3 
: Number | Percent | Number | Percent | Number | Percent 
Bederatlons2s hi tans sl ee ees 66 29. 2 59 19 39 0. 
ABE ONEIKO LAG es, ey eee eee gem eee ee Bet 156 34.3 183 18.8 139 .0 
“ADB Gh of ek ire aa Nie a egos ey eee MEL 251 40.0 285 26. 2 246 EO) 
IAGV, CTA Coasts so DL Nice eee ars anges 157 34. 5 175 21.6 141 52 


1 Relative humidity 85 to 90 percent. 
2 Relative humidity 80 to 85 percent. 
3 Relative humidity 80 to 90 percent. 


During the winter of 1931-382 an experiment was conducted in 
which the wheat was sown and inoculated January 15, 1932, in cubic- 
foot boxes and incubated in glass chambers, 24 by 24 by 30 inches, 
unheated, or heated to certain temperatures by thermostatically 
controlled, frosted, electric light bulbs. One of these chambers (no. 
1) was kept, unheated, out of doors; another (no. 2) was kept, un- 
heated, in the greenhouse; and the other three were kept in the green- 
house and their temperatures regulated as follows: No. 3, 60°; no. 4, 
67°; and no. 5, 75° F. The relative humidity in each chamber was 
maintained at about 95 percent, as shown by relative humidity indi- 
cators. The unheated chamber (no. 2) in the greenhouse was given 
the same lighting as those that were heated by electric-light bulbs 
(nos. 3 to 5). The plants in the chambers kept at the higher tem- 
peratures grew abnormally rapidly and formed crowns above the 
surface of the soil. Seven weeks after seeding the plants in these 
boxes were reinoculated and an additional inch of soil was added to 
cover the crowns so that crown roots could be formed. The plants 
were dug and the disease data taken on March 15, 3 months after 
seeding. A summary of the results is given in table 7. 


TABLE 7.—Injury from Cercosporella herpotrichoides on Hybrid 63 wheat plants 
inoculated at seeding tume and grown in special chambers at Corvallis, Oreg., 
during the winter of 1932 


Height of 


: Percent- 
Chamber no. Temper- plants at Culms age 
ature | end of ex- ‘aan 
periment jury 
© jal, Inches | Number 
ee PES eres ena ace ls 2 ea Sh 2 <p ee a 1 20-50 36 ted, 
Di Ney ae = Sa ye AS EE RO eee Ya 2 40-65 18 60 30nd 
Bee ee Bp See PA DN Peete ok) Ry Oe eet Oe een CL Bass * IRE ER Eat © 60 30 38 6.0 
Y, Rae Ne SR ye eve RAS SOE Sie ee ey Ok Ie LS eee er Ae 67 34 55 1.8 
1 he ees ee ee Ag Rea EAN A aES coe SPOR ne UO LS Scr AMM ee ap NW 75 25 58 0 





1 Average, 44.9°. 2 Average, 51.4°. 


In the course of this experiment it became evident that the disease 
reactions in the different chambers were scarcely comparable because 
the plants in chamber no. 1, which was kept out of doors, developed 
so much slower than those in the other chambers. 
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In order to overcome some of these difficulties another experiment 
was conducted in the spring of 1932 in which naturally inoculated 
wheat plants were transplanted March 20 from an infested field on 
High Prairie, Wash., to Newberg sandy loam soil and placed in each 
of the chambers used in the experiment described above. When 
transplanted, about 5 percent of the plants showed natural infection 
with Cercosporella herpotrichoides. 'The chambers were run under the 
same conditions and approximately at the same temperatures as in 
the preceding experiment. Data were taken on the plants in the 
chambers April 18 and on those in the field April 19, 1932. The 
results are given in table 8. 


TaBLeE 8.—Injury from Cercosporella herpotrichoides on naturally inoculated Hybrid 
128 wheat plants transplanted from an infested field on High Prairie, Wash., to 
chambers held at different temperatures at Corvallis, Oreg., Mar. 20, 1932 




















Plants at end of experiment 
- Tempera Percent- 
Location re ae. aes a Culms _ age 
Stage Height UL 
O78", Inches Number 
ELC] Cl eee ee te aa ae 8 NL es SRO Se Sek 3 0= lal SHOOTING aaa 14 191 24.1 
Wham ero ss ee See ee peas a 229-74 |_____ GON ee ae 18 47 28. 9 
@hamlbersn 02h eee lee eens) ey Te ee S747 | ee ae Ee ee 20 59 20. 8 
@hamibersn Oy sass: a2 ae eee ee ee ee COR Ee send oOs oe aes 24 55 WZ, 
@hambennm On Aes sees ee Le sae SLL 67 facie boot==s=a= 27 48 10. 2 
WAT CTE Oey oh says eee eae pe epee 75 | Heads emerging_ 23 39 8. 4 
1 Mean, 45.2°. 2 Mean, 50.8°. 3 Mean, 57.0°. 


While the increasing sunshine in the spring at Corvallis made the 
thermostatically controlled temperatures in the chambers only approxi- 
mations, the influence of higher temperatures in checking the amount 
of infection is clearly evident. 


SOIL TEMPERATURES 


During the winter of 1932-33 two series of experiments were con- 
ducted at the Arlington Experiment Farm, Arlington, Va., to deter- 
mine the influence of different soil temperatures on the development 
of cercosporella foot rot. Both series were conducted in the soil- 
temperature tanks described by Leukel (8), who materially aided in 
the progress of this phase of the work. 

The first series was started October 22, 1932. Hybrid 128 wheat 
was planted in 24 galvanized cans in a mixture of two-thirds river 
sand and one-third loam. This soil mixture had a water-holding 
capacity of 20 percent and was maintained at 50 percent of its capac- 
ity. After planting, the cans were placed on a greenhouse bench. 
On December 1, the plants were in the second or third tiller stage and 
averaged 8 inches in height. At that time all plants were inoculated 
with the usual wheat-grain inoculum placed against the base of the 
culms and lightly covered with moist soil. Four cans were then placed 
in a soil-temperature tank at each of the following approximate 
temperatures: 5°, 10°, 15°, 20°, 25°, and 30° C. After the cans had 
been placed in the tanks, ‘all plants were given artificial light from 
4p.m., until midnight each day. The average air temperature of the 
ereenhouse throughout the experiment was 16.5° C. (62.7° F.) As 
the greenhouse where the tanks were placed had insufficient humidity 
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for satisfactory development of cercosporella foot rot, one tank at each 
temperature was covered on January 4 with a tightly fitting cello- 
glass frame with a removable cover, and the plants were then rein- 
oculated. On January 9 the plants were showing definite indications 
of insufficient light and the covers of the frames were removed; on 
January 15 the plants were covered with ordinary window glass and 
they developed satisfactorily from then on. The experiment was 
terminated and data were taken on February 6, 1933. The results 
are summarized in table 9 


TABLE 9.—Average injury from Cercosporella herpotrichoides on Hybrid 128 wheat 
plants artificially inoculated and grown in the greenhouse, at the Arlington Experi- 
ment Farm, in soil held at different temperatures, 1932-33 


Height of plants 
at end of experi- 


Temperature and deviation SEN SSSI Ee yn 





sown— 
Percent- 
age 
Ages injury 
z : 7 Soil in inches : = 
Water in tanks ane Hones Oct. 22 Nov. 8 
soil line 

XG GL SCE Inches Inches 
Be DEVS yi eh eR Ble AES I ie a A 6. 1l+1 13. 5-4 1255 a5 16.8 
O2QR 1 Se Cee ee nore See A. ee eee) Rane See 10. 3-1 15. 445 i7/, & 12. 4 21.6 
LN Gae Oa eee A ee ee eee tae 15. 542 16. 7-5 17.0 15. 0 me 
DONOR De Ake wee Fe el ee Oe eee Po BS 19. 32 18. 446 Uh & 18.0 1G 
DBs (ated eee ee eee ie et Sen ae ete ge es LEE 24. 2+-1 21. 0-46 17.0 ibs, 0 
SORES ete ee ee a ee ee Ns 2 ew 28. 8+3 21. 5-7 1S), 4 14.0 0 


In the second soil temperature series, which was started November 
8, 1932, Little Club wheat was grown in a manner similar to the first 
series described above, except that the celloglass frames over the 
tanks were not used and the 30° C. temperature was omitted. The 
height of the plants and the percentage injury from Cercosporella 
herpotrichoides at each temperature are shown in table 10. 


TABLE 10.—Average injury from Cercosporella herpotrichoides on Laitle Club wheat 
plants artificially inoculated and grown in the greenhouse at the Arlington Expert- 
ment Farm tn soil held at different temperatures, 1932-33 


Approximate soil temperature (° C.) Height of | Percentage 


plants injury 
Inches 
Eee a DC ecarg eehe o AO ca Son aged aN elk Baek orale eh. a a eae an oN hte Es ie ist 
OK Eee eee mee ENR n Se Ce ee AEN ES Ons oe Re ee Ler on Se Eb Fly le 24.0 8.2 
De Fe ee Ee eo 1 Ol ee CA ec nen 2150 7.6 
DRE as Si ee De BE Be ee 2 ee 23.0 2.9 
1 eee i Se pag Pte a ene) os Das VTL AR note ee ee) MEceee ee Bee AWS TE eS 21.0 Ay 


Humidity conditions were less than optimum for the development 
of the disease in this experiment. 

Both of these experiments indicate that the optimum temperatures 
for the growth of the organism in the host is approximately 10° C. 
The fungus is able to thrive, however, at temperatures as low as 6° 
and is distinctly retarded at temperatures above 15°. 
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INFLUENCE OF TEMPERATURE ON RATE OF VEGETATIVE GROWTH OF CERCOS- 
PORELLA HERPOTRICHOIDES IN PURE CULTURE 


The fungus was grown on commercially prepared potato dextrose 
agar (pH 5.5) according to standard methods and incubated in closed 
containers at controlled temperatures. The results, which are illus- 
trated in figure 7 and which are the averages for sev veral replications, 
show that ‘the optimum temperature for vegetative growth in pure 
culture is 20° to 21° C., the minimum at least as low as 4°, and the 
maximum 30°. 

EFFECT OF FREEZING TEMPERATURES 


Preliminary studies to determine if freezing temperatures had any 
appreciable effect on the susceptibility of the plants to foot rot were 
conducted at Arlington Farm in equipment designed and operated by 
H. H. McKinney for special studies of wheat plants. Hybrid 128 was 
grown in a mixture of 
sand and loam, as used 
in the soil-temperature 
series. The soil con- 
tainers were 8 by 8 by 
8 inches with galvan- 
ized-iron sides and cy- 
press-wood bottoms. 
There were 48 of these 
boxes of which 24 were 
inoculated at seeding 
time, November 11; 12 
were inoculated on 
January 23 by placing 
the inoculum against 
the base of the culms 
and covering with soil; 
and 12 were not inocu- 
lated. One-half of each 
of these three lots was 


ine) 
on 


ine) 
(oe) 


oO 


° 


oO 





DIAMETER OF COLONIES (MILLIMETERS) 


left in the cool (zero to a Se ee eee 
02 4 6 8 10 12 14 16 18 2022 24 26 28 30 32 
25° C.,mostly 5° to 18°) TEMPERATURE (°C.) 


and humid greenhouse, FIGURE 7.—Diameter of colonies of Cercosporella herpotrichoides after 
which was held mostly 8 days’ growth on potato dextrose agar at different temperatures. 


about 95 percent rela- 

tive humidity. The other 24 boxes were divided into 6 lots of 4 each, 
consisting of 2 boxes inoculated on November 11, 1 imoculated on 
January 23, and 1 not inoculated. These 6 lots were frozen on sepa- 
rate dates as follows: (1) Just before the wheat emerged on November 
21; (2) at emergence on November 23; (8) December 1; (4) January 3; 
(5) January 10; and (6) January 20. 

The soil in the boxes to be frozen was nearly saturated and four 
boxes at a time were placed in the insulated electric refrigerator sur- 
rounding freezing-coil units. The temperature was maintained at 
close to —3° to —2° C., there being some fluctuation. As the freez- 
ing units caused serious "desiccation, temperatures below —3° proved 
fatal to a high percentage of the plants and even at —3°, the shock to 
a was the probable equivalent of far colder weather in the 

eld. 


2364°—37——3 
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After freezing, the boxes were again heavily watered and returned 
to the cool greenhouse. 

There was insufficient material to give specific comparative data on 
the influence of freezing on the plants and the progress of the disease 
after freezing. Since the immediate purpose of the study was to deter- 
mine in a general way the influence of low temperatures on the prog- 
ress of the disease, the data from all of the lots were grouped together 
and summarized in figure 8. The percentage of injury from foot rot 


100 





FOOTROT INJURY 


PLANT VIGOR 





PLANTS 


s Wg F ) 
ria 


FOOTROT INJURY (PERCENT) 
VIGOR OF HOST 








INOCULATED NOT INOCULATED INOCULATED NOT - 
JAN.23 INOCULATED  NOV.II - JAN. 23 INOCULATED 
FROZEN NOT FROZEN 


FIGURE 8.—Influence of subjecting the host to artificially induced subfreezing temperatures and the resulting 
t > progress of cere Dorella foot rot. Sown November 11, inoculated November 11 in part and 
January 23 in part. Harvested Feb. 3, 1933. 






was determined in the usual way. The vigor of the plants was arbi- 
trarily rated on a scale of 0 to 100, 0 being used when all plants were 
dead: 100, when all plants were vigorous; and the intervening numbers 
for the conditions between these extremes. 

The data in figure 8 show that the freezing increased the injury from 
foot rot. The type of lesion produced in the frozen inoculated wheat 
was similar to that occurring in the early season in the field in the 
small, weak, winter-injured tillers. It appears, therefore, that the 
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fungus is able to develop early i in the season in the weakened culms 
and increase the amount of inoculum which later attacks the more 
~ vigorous culms. 


EFFECT OF LIGHT ON DEVELOPMENT OF THE DISEASE 


It has been suggested by observers that etiolation may increase the 
susceptibility of host plants to Cercosporella herpotrichoides. Two 
experiments were conducted, one in 1931 and the other in 1932, to 
determine if supplementary lieht had any appreciable effect on ‘the 
susceptibility of the plants to foot rot. 

Seed of several varieties of wheat was sown in the greenhouse at 
Corvallis, January 31, 1931, in cedar boxes 12 inches square and 
12 inches deep. There were 2 rows of 13 kernels each in each box. 
The plants were inoculated in the usual way. The plants in some of 
the boxes were given supplementary lighting with 200-watt electric 
light bulbs under dome reflectors 36 inches above the plants, from 
5 p.m. until 8 a. m. daily during the course of the experiment, while 
the others received only daylight. The experiment was terminated 
and the data were taken April 16, 1931. The results are given in 
table 11 together with those of a similar experiment conducted in 1932. 

The results of the first experiment indicate that the plants that were 
grown with supplementary light, and which grew faster than those 
given only normal daylight, were the more susceptible, except possibly 
Hybrid 638, which was variable in its reaction to Cercosporella herpotri- 
choides under the lights. In 1932, one set of plants of each variety 
grown in daylight only was left crowing some time after the others 
had been harvested. When this set had reached approximately the 
same stage of maturity as those under the lights they were har- 
vested and final records were taken. The second experiment was 
started February 1, 1932, in artificially moculated soil and continued 
until May 5, at which time one set of varieties erown in daylight 
only, and the set erown with supplementary light were harvested 
and data were taken. Another set grown in daylight was continued 
until May 31, at which time the plants were harvested and data taken. 
The results from this later experiment indicate that supplementary 
light has little or no effect on the progress of the disease other than 
advancing the maturation of the host; that is, the faster the grain 
approaches maturity the sooner it falls prey to the fungus. 

While, in theory, it might seem reasonable to assume that etiolated 
plants that have been forced in midwinter by unseasonably warm 
weather, such as during the year 1933-34, would be less resistant to 
Cercosporella herpotrichoides than plants given supplementary light 
with the same conditions otherwise, this has not been borne out by 
the experimental data. The susceptibility of plants forced in winter 
must be attributed to an increased succulence and over-development 
owing to excess moisture and temperature rather than reduced light. 


INFLUENCE OF DATE OF SEEDING ON FOOT ROT 


It has been mentioned that cercosporella foot rot is most serious 
in regions where early fall seeding is practiced. In the Columbia 
Gorge section, seeding is commonly done between September 1 and 10; 
in the Grande Ronde Valley, between September 20 and October 10; 
and in the Spokane area, from about the middle of September until 
the first week in October. It is necessary to seed early in order to 
have sufficiently well-rooted plants to survive the winter months. 


RE 
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As a result, if prolonged warm spells occur in the fall and winter, the 
plants are often far advanced in the early spring, are excessively leafy, 
and have relatively thin cell walls. That they are especially suscepti- 
ble to cercosporella foot rot was indicated as far back as 1923 by 
Heald (6, Bull. 180). He made seedings at 10-day intervals from 
August 30 to November 1, 1922, and found that the severity of the 
disease ranged from 100 percent of the culms infected and 75 percent 
fallen at harvest, in the first seeding, to 34.4 percent of the culms 
infected and only about 2 percent fallen at harvest, in the seedings 
made October 20 and November 1. Several workers have made stud- 
ies of the influence of time of seeding on the development of the 
so-called leptosphaeria foot rot and other foot rots. Gaudineau and 
Guyot (4) present evidence that the earlier sown grain is the most 
severely infected at harvest. They report the mean percentage co- 
efficient of attack for various dates of seeding as follows: October 7, 
85; October 20, 63; November 1, 54; November 15, 53; December 1, 
36; December 15, 11; January 15, 9; spring-sown, 5 to 10. 

They were dealing with the foot rot complex in northern France, 
which includes take-all (Ophiobolus graminis Sacc.), Fusarium spp., 
Leptosphaeria -herpotrichoides De Not., and Cercosporella herpotri- 
choides. Parisot (11), who apparently holds to the theory that 
nutritional factors are the main cause of soil-borne foot rot diseases, 
states that early seeding and all those factors that tend toward 
abnormal forcing of growth induce infection and result in severe loss. 
The reports from various north-Kuropean countries are almost unani- 
mous in declaring that the earlier the seeding the greater the chances 
for losses from these diseases. 7 

In 1928 +, two series of periodic seedings were made in infested soil; 
one on Seven Mile Hill, Wasco County, Oreg., and the other near 
Imbler, Union County, Oreg. ‘The seedings at the former location 
were made by C. W. Daigh, former county agent of Wasco County, 
and those at the latter location by the late Robert Withycombe and 
his staff of the Eastern Oregon Branch Experiment Station at Union. 
At each of these locations four varieties (Hybrid 128, Hybrid 148, 
Hybrid 128 Goldcoin, and Kharkof) were sown each time. Infec- 
tion data were taken by Hurley Fellows and the writer in July 1929. 

The results are given in table 12. 


TaBLE 12.— Average percentage of culms infected with Cercosporella herpotrichoides 
in four varieties of wheat sown in 1928 in naturally infested soil 


Culms 
Location and date sown 
Infected Fallen 


Seven Mile Hill: Percent Percent 
SID be De, LE Ae EAN at aE Ge ee BAe aL | AM elk 2h ere yon Ce 24.4 94. As 
SO WO et yee fe RN RSE SE ae De OS eer eee Ue mpm ee sien 9 om en ane eg ol 18.3 3, 
O(c part a eels eS SY LSA eh en a ee eS ae eee 6 (2) 
OC inl Mae rhe See ete We er ee na ne ee. CS eee i ae rey: 6.6 (2) 

Near Imbler: 

LO LY NEG ray he es ek RN any oe eee ee ON tl ge. 2 We al ee 8S Gasely le Sees Ses Ber 
DSDON ig GL se ws Gi Se RM I 6 fe TT i a et ee aan TBs OF |e ey 
2 Trace. 


4 Planned by Hurley Fellows. 
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A similar series of periodic sowings was made in infested soil near 
Alicel, Union County, Oreg., and like results were obtained the follow- 
ing year. The sowing made September 1 gave 44 percent of infected 
culms; that made October 15, 32.9 percent; and that made October 20, 
28.4 percent. Not only were the percentages of infected culms lower 
“in the later sowings, but the lesions were so much smaller that the 
injury to the plants was conspicuously less than that on the plants 
from the early sowings. 

It is evident from these data that wheat plants from early seedings 
are injured more by Cercosporella herpotrichoides than are those from 
later seedings. Because of this it has become the usual practice of the 
writer, in sowing wheat varietal resistance plots, to sow very early in 
September so as to insure sufficient foot rot for comparative studies. 
The plants always make a strong growth in the fall as well as in the 
spring and they are always the first to show foot rot in the spring. In 
fact, some varieties are usually so severely attacked as to be practically 
destroyed by the middle of May. However, the early difference in 
amount of foot rot is lessened as the season advances and the plants 
from the later seedings reach the susceptible stage. This is borne out 
by foot rot counts taken on High Prairie and near Imbier in 1930-31. 
On High Prairie the wheat varietal plots, in which Hybrid 128 was in- 
cluded, were sown August 31, 1930, and the adjacent general field of 
Hybrid 128, in which the plots were located, was sown September 8. 
On March 24 the wheat plants in the varietal plot were about 12 inches 
high, very leafy, and were beginning to show foot rot. A few feet 
away in the general field the plants were considerably smaller and only 
a trace of foot rot was evident. -At Imbler similar observations were 
made on Goldcoin wheat sown September 6 and October 5, 1930. The 
seasonal progress of the disease at these two locations, as indicated by 
the percentage injury at different dates, was determined by the method 
previously described (15, p. 8), and is shown in table 13. 


TaBLE 13.—Seasonal progress of cercosporella foot rot on Hybrid 128 and Goldcoin 
wheats from two dates of seeding, 1930-31 


Percentage injury on— 


























b 
Hybrid 128 sown at High Goldcoin sown near Imbler, 
Date of observation Prairie, Wash. reg. 
| } 
2 lo g | Differ e F Difier- 
| Aug 31 | Sept. 8 Ses Sept. 6 Oct. 5 ana 
| | — 
TRAE: aes sce vin ol oven iol cs Sm a 8 i 1.2 | 0.3 O:0)pe foe. asl ee 
Fei h | eee VOR Ree eee LTT : 20.0 | 128 C2 ies ee ee 
JG aig Teak SOS a Oe eS ie Are ZiN | 14.2 | P2OU PS ee | eee 
May 2h pete ee ie ee ee 37.4 | 32.7 zy Mel eae wees) Be ee ae 
by See ee ae RE AG ee 38.5 | 37.3 | 452) 2 So. 2 Se ee ee eee 
J. ro) ee es DO Aes ee ee ee ee) eee ee Bese Ble Ree, (geessseece 8.4 14 7.0 
IVER yD ie er ee eo ee fhe rte Pe ee re 26. 8 4.9 21.9 
duly Gee 2 {28 Pees 8 re Soe 8 ee Lee eae peste 49.8 38.5 11.3 
} 











These results indicate that wheat plants from late seedings may 
reach a physiological state for maximum infection at a period | so late 
in the season that the crop is out of danger from serious attack by the 
fungus. This is further indicated by the failure of the fungus to at- 
tack spring-sown wheat as shown previously (15, p. 10). 
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CLIMATIC FACTORS IN AREAS HARBORING CERCOS- 
PORELLA HERPOTRICHOIDES 


In correlating the experimental data it 1s essential to make a critical 
comparison with gross climatic influences at representative meteorolog- 
ical stations in the regions infested with the cercosporella foot rot. 


AVERAGE ANNUAL PRECIPITATION IN AREAS WHERE CERCOS- 
PORELLA FOOT ROT OCCURS 


Except for the statement that the disease occurs only in localities in 
the Columbia River Basin where the annual precipitation is between 
14 and 25 inches yearly (15), there is no information available on the 
influence of moisture upon the development and occurrence of cercos- 
porella foot rot in the United States. In a recent paper Guyot (6) 
reports that in France the development of foot rot of cereals (caused 
by various fungi) is favored by prolonged rains and overcast weather.° 

Data on the average annual precipitation at stations of the United 
States Weather Bureau located in or adjacent to cercosporella foot rot 
areas in the Columbia River Basin; and on the average annual severity 
of the disease in the period from 1928 to 1935 in the respective areas, 
together with the elevation of the stations and fields, and the estimated 
precipitation in the foot rot areas are given in table 14. 

These data indicate that cercosporella foot rot usually is most severe 
where the average annual precipitation approximates 16 to 22 inches. 
The annual precipitation is next to the lowest at Friend, Oreg. How- 
ever, the vegetation at Friend, which includes Pinus ponderosa Dougl. 
and Quercus garryana Dougl., indicates that this locality receives, on 
an average, more precipitation than indicated by the records for ‘the 
period 1924-32. ‘This is borne out by the observation that Dufur, 
which is some miles away in a more arid and treeless section, has, 
since 1924, averaged approximately 2% inches less precipitation than 
Friend. Since the average annual precipitation at Dufur is 13.21 
inches for the 24-year period 1909 to 1932, that at Friend is estimated 
at almost 16 inches for an equally more representative period than 
the relatively dry period from 1924 to 1932. The foot rot area on 
Tygh Ridge lies east of Friend and several miles southeast of Dufur 
at a somewhat higher elevation. A standard rain gage was main- 
tained beside foot rot infested fields on Tygh Ridge during 1932-33, 
and at a point 3 miles farther east in a slightly drier location from 
1933 to 1935. Three years’ precipitation for this and adjacent sta- 
tions is given by months in table 15. The data for High Prairie also 
are from a standard rain gage maintained beside foot rot infested fields. 
These data indicate that Tygh Ridge probably receives slightly 
more precipitation than Dufur, where foot rot usually does not occur, 
and also that High Prairie receives considerably more precipitation 
than the nearest Weather Bureau station at Goldendale, where foot 


rot is usually absent except in small quantities a few miles away near 
Centerville, Wash. 


5 Since the completion of this study additional experimental information has been published in Europe, 
none of which is appreciably applicable to the local studies in Oregon, Washington, and Idaho. 
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TaBLeE 15.—Precipitation as measured by standard (U. S. Weather Bureau type) 
rain gages on Tygh Ridge, Oreg., and High Prairie, Wash., as compared with 
precipitation at Weather Bureau stations at Dufur and Friend, Oreg., and Golden- 
dale, Wash. 


No- |Decem- 
vember| ber 


Sep- 


RoanBer October 


Station Year July | August 


Inches | Inches | Inches | Inches | Inches | Inches 
0 . 04 2.09 1. 50 








Tyeh aides, OV ECES Ry sree DEMUn Sae Leeds ® os 1932-33 0. 00 0. 06 . 00 
eee EAR ey MO Neem LS WR lk a oe 1933-34 17 .14 . 87 1.09 32 2. 42 
De ace ag Se ees) pW yg 8 de Nata. ot ee 1934-35 04 4 lef aiffll 1853 2. 30 1.16 
Peverace vee: SPR R eS WA Ace AT EE o7 | tae pale 33) ees |, a akeo 
WufgenOrceme etek awere arwcnen 7) LAS 1932-33 .00| 17 00 PSN ae70 1.33 
ID Yoys Bees SAS eae ate ere 8 ee eee 1933-34 . 07 - We/ 1. 09 . 80 . 52 2.13 
ID) (ps ere aie ae POE Aad Se he 1934-35 . 00 . 09 . 96 1.16 2,32 1. 96 
PG crave tess ie Opa, Metis) Ms 2 Jer ER ek 02] 09 68 a) ) shen aa 
rien as Orem ais te mers oe Sis: 2s ass a en Pe 1932-33 . 00 .O1 . 05 BZ 174 2. 00 
1D YON se 2 Se eee ee 1933-34 . 20 . 22 1.15 . 85 67 5, iN7/ 
ID YC) Be | 2 NS Ae ee ee) te ae oe 1934-35 LES .18 1. 23 24, Pop 35 ay/ 2. 78 
PAR OTA 2 @ ee ee see ee ee te AO ne Rare ae 07 14 81 1. 20 2. 25 3. 32 
FFM OPE TAITIOS AWiaS Wise es ne en 1932-33 .10 . 06 . 02 1. 44 4.90 3. 98 
IIs) SRR ee git ee OE ed Ee Ed I he 1933-34 . 03 . 22 1. 40 2. 69 1223 11. 78 
1D) Qo ee eee Ee 1934-35 .O1 . 34 ~ TO) 3.09 4. 30 5. 68 
PASVICEAG © ili. eannigiage Wie Bee tan. UN ane fe i say |e De as Oe . 05 21 71 2. 41 3. 48 Ue iss 
Goldendaley Washes: aie sake ee ees 1932-33 .05 . 28 . 00 . 89 3. 31 2.14 
11S) EE eae RS ae ie SA ee uh 1933-34 . 03 . OL 1.32 1. 60 . 83 7. 78 
1D) 0 area ee eee aire rane er ee es ee Ae 1934-35 . 00 . 20 . 50 2.16 3. 12 2. 62 
PANY CRAY C mare te ead fa Ne La 03 16 . 61 1.55 2. 42 4,18 

Station Year | Janu- | Febru-| yrarch| April | Ma June | Total 
ary ary Pp y 


Inches | Inches | Inches | Inches | Inches | Inches | Inches 
ipl: 0. 09 . 78 0.5 


Ty chi Rid re .Oregesa.t oe oot 1932-33 1.70 0. 53 : 7 10. 42 
1D) Oe ee rete fe Hoe 2 1933-34 1. 23 . 30 He 12 . 96 . 38 . 16 9. 21 

iD) Geert wks Seed De PS see EL a 1934-35 85 . 45 74 49 13 39 8. 96 
INVORAG Ola = tote ens eee LORI 3 ods Desk 1. 26 . 44 1.00 51 76 35 9. 53 
A ONS ace 2 ae te i ee 1932-33 1.00 sald .79 Ie? 1. 16 . 48 8.01 
Wir ia pe Siete eens Pe ae Mis, oS UA 1933-34 . 89 . 38 122 dis . 24 . 04 8. 92 

De Ra Seare thie Se Soe ee 1934-35 (2 . 44 252 41 . 06 . 20 8. 84 
PASVCT AG 0 beter es a eee oa etd ek 87 . 53 84 39 49 24 8. 58 
BRET eK ORE Sete ote ie eis Sh gu 1932-33 2. 02 1. 43 il, iil aati 1. 44 .41 11. 82 
JOY Lopes ee OS Dc eee aS 1933-34 1, 28 . 54 1.30 . 62 so2 . 05 12. 37 

IDG) ee GPE le ROR as alg As Ee 1934-35 1.79 . 76 1. 00 66 20 33 14. 52 
PAVOLAG Ones fe were eee aie oe ak 1.70 91 1.14 46 65 26 12. 91 
EnehePrainies Wiash= oo) Sen 1932-33 3. 85 2. 66 N92 pelty Pi 1.14 .95 21. 39 
1D YO). 2 ee a Se 1933-34 3. 61 . 65 2. 47 . 68 . 36 . 29 24. 41 

1D} ee ae ee 1934-35 2. 94 1.05 2. 03 1. 26 O1 30 21. 71 
PASV CLAS Gist aise es pee Maes wee 8S ef ee 3.47 1. 45 2. ok 70 50 51 22. 50 
@GoldendalesswWiash=- 2 eee 1932-33 2. 49 1.97 1. 59 . 08 1.19 . 61 14. 60 
1D YO SAE sea eee eles aa 1933-34 3. 30 . 66 is 7/2 . 80 .18 2 18. 49 

SID) arr cers 8 SS se Ts A 1934-35 1. 54 . 81 . 93 . 65 . 80 . 93 14. 31 

PASV Chae Certegy oy aie Sha MAE a fe 2. 44 1.15 1.45 51 72 58 15. 80 


1 T=trace. 


The foot rot station at Havana (warehouse), Oreg., near Pendleton, 
probably receives from 15 to 16 inches of precipitation a year, as 
that at the Pendleton Field Station, 2 miles away, has, according to 
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G. A. Mitchell, averaged in the 3-year period from 1929-32 approxi- 
mately 2% inches a year more than at the Weather Bureau station at 
Pendleton, the average for which, over a period of 43 years, is 14.16 
inches. 

The most striking example of the association of cercosporella foot 
‘rot with certain precipitation areas is illustrated in the Columbia 
Gorge area centering around The Dalles. At this point, which lies 
just east of the Cascade Mountain range, the Columbia River has 
cut through a layer of basalt rock about 1,600 feet thick. The region 
adjacent to the gorge is a rolling plateau adapted to winter wheat 
and in those portions adjacent to the Cascade Range cercosporella 
foot rot occurs. Winter wheat is also grown on the higher and more 
arid land south and east of The Dalles, some fields being within a 
short distance of the city. This wheat south and east of The Dalles 
is entirely free of foot rot. 

The mean annual precipitation for these regions, as sho: in table 
16, indicates that northwest of The Dalles, at Lyle, Wash., the aver- 
age annual precipitation for the period from 1892 to 1910 was oreater 
than at the other points on account of the influence of moisture-laden 
winds from the humid western portion of Oregon and Washington that 
pass through the gorge at higher elevations near The Dalles. For ex- 
ample, on Seven Mile Hill, where foot rot occurs, and across the river 
on High Prairie, where foot rot also is prevalent, the precipitation is 
distinctly greater than at The Dalles. East of The Dalles, the more 
arid conditions of the interior prevail. To illustrate, Big Eddy, Oreg., 
about 4 miles east of The Dalles, receives approximately 3 inches less 
annual rainfall. Moro, Oreg., still farther east, at an elevation of 
1,838 feet, receives an annual ‘precipitation of 11.14 inches and foot 
rotis absent. The area of foot rot infestation on Tygh Ridge, south- 
east of The Dalles, probably receives an average of about 14 inches of 
precipitation, and this, coupled with the favorable soil moisture fac- 
tors previously mentioned, permits foot rot to maintain itself locally 
although actually beyond the usual range of the disease. 


TaBLE 16.—Average annual precipitation in the Columbia Gorge section of Wasco 
and Sherman Counties, Oreg., and Klickitat County, Wash., and the average 
severity of foot rot near thesé stations 


| 
| Period Average | Average 


Station | Desasen covered by} annual | severity of 


| weather | precipi- foot rot, 
data tation 1928-32 
| 
Oregon: Feet Inches 
Big Bay BG Se ere ee BSD Wee Re RN Lk il 123 | 1916-32 oar |) (@) 
10 15 0 ee ee eer kien Os We eS ts * 1,838 | 1909-32 11.14 | None. 
sever MilevEn(Ortley) see es coe ee 1,600 | 1912-22 21.92 | Mo eS er- 
ate-+. 
ANE E DALES ese see ee RE ee ah ek 96 | 1892-1910 14.77 | None. 
1D Yo era ee Se ree te re UE ACE S| 96 | 1912-22 14. 31 Do. 
Washington: 
High PT ALIC sete oe oe Rear oe ee eS eae Me te 1, 700-1, 800 1932-36 22.50 | Severe. 
VOR MEAT) ecco EE RS ee ee eee Sees 600 | 1892-1910 25.87 | (1). 


1 No winter wheat grown at this station. 


The relation of average annual precipitation to the distribution of 
cercosporella foot rot in the Columbia River Basin is shown in figure 9.° 


6 This figure has been adapted from Kincer’s fig. 2 (7). 
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It becomes evident that the most severe cases of foot rot occur in 
those areas having an average annual precipitation close to 20 inches. 
No areas in this region are known where the precipitation averages 
above 25 inches a year. When the average precipitation drops to 14 
or 15 inches, the disease is usually of slight importance, unless soil 
moisture is concentrated in favored spots. 

It is clear that many factors, other than average annual precipita- 
tion, influence the distribution and severity of the disease. This is 
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FIGURE 9.—Map showing the average annual precipitation in Washington, Oregon, and Idaho, with the 
general location of foot rot infested areas indicated by black encircled dots. 


indicated by the great variations in its severity in regions having 
almost the same amount of precipitation. 


INFLUENCE OF SEASONAL RAINFALL ON PROGRESS OF DISEASE 


From the middle of February, or more commonly the middle of 
March, to late May or sometimes even later (June 1931) foot rot 
develops most rapidly during or immediately following abundant or 
protracted rains. ‘This is illustrated in figures 3, 4, 5, and 10. In 
figure 10, the observations on the development of the foot rot were 
recorded on the basis of the number of culms infected, while in figures 
3, 4, and 5 they were recorded by a method previously described (15) 
for estimating the potential injury caused by the disease. While cir- 
cumstances did not permit detailed observations on exactly how 
quickly the fungus responded to each individual rain in the spring, 
indications were that the lag between the date of rainfall and the ob- 
servable increase in amount of foot rot was only a few days at the most. 

In the Columbia Gorge area the hot, dry summer season usually 
begins in May and continues with short interruptions in the form of 
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occasional showers, or, more rarely, heavy rains, until autumn. In 
the Grande Ronde Valley, Oreg., however, the rainy reason is pro- 
aa oo June, as shown by the pr ecipitation data from La Grande 
oenel 
__ During the spring and summer of 1930 cercosporella foot rot started 
later in the season in the Grande Ronde Valley (Alicel, Imbler, and 
Elem, Oreg.) than in the Columbia Gorge area (The Dalles, Seven 
Mile Hill, and Tygh Ridge, Oreg., and High Prairie, Wash.) ‘and, in 


INFECTED CULMS (PERCENT) 
= Dw) Dw) O on) as 
oO Oo (6) oO oO (e) 


S 





OoOnm B ODO DOO 


PRECIPITATION 
(INCHES) 
@ ©) @ © © 


28 1S 3! 15 BVO). IS Sf 15 30 
FEB. MAR APR. MAY JUNE JULY 


FIGURE 10.—Seasonal progress of cercosporella foot rot and rainfall on High Prairie, Klickitat County, 
Wash., during the spring of 1930. Precipitation data are from the Weather Bureau station at Golden- 


dale, 


the former area, it continued to progress some time after its develop- 
ment had ceased in the Columbia Gorge area, on account of the hot, 
dry conditions in the latter area (figs. 11, 12, A). In 1931, the 
monthly rainfall in the Grande Ronde Valley was not normal with 
respect to seasonal distribution (fig. 11), and the progress of the foot 
rot at Imbler during this dry spring and summer was similar to that 
in the Columbia Gorge area (fig. 12, B). 
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FIGURE 11.—Monthly precipitation for 1927 to 1935 at The Dalles and La Grande, Oreg., with estimated 
annual loss of wheat from cercosporella foot rot in the entire Columbia Basin. Note that the rainy season 
at La Grande is usually more prolonged than at The Dalles. 


It has been found that cercosporella foot rot does not appear at 
the same time in all parts of an infested field. During 1930-31, for 
example, the disease did not show itself in some portions of the fields 
until after the heavy rains of mid-June (figs. 3, 4). The first culms 
to become infected in the early spring are small outer tillers that are 
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weaker and less resistant to the fungus (15). They serve as sources 
of infection and during the heavy rains the spores and portions of 
mycelium are carried to other culms and plants. A case was men- 
tioned in a previous article (15) in which inoculum from a strip of 
inoculated wheat had infected the grain for several rods down hill 
from the original source of inoculation made the same season. 
Differences in the spread of the disease in the field from focal 
points may be attributed, in part, to differences in the maturity of the 
wheat plants in various parts of the field. However, there is no 
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FIGURE 12.—Seasonal progress of cercosporella foot rot in various localities during 1930 (A) and 1931 (B) as 
based on representative fields. 
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question that the spread is greatly hastened by rains washing the 
inoculum from points of early infection. 


AIR TEMPERATURES OF CERCOSPORELLA FOOT ROT INFESTED 
REGIONS 


Air temperatures at stations in or adjacent to the foot rot infested 
areas have been studied and the average monthly temperatures for 
the foot rot season, September to June, and the average annual 
temperatures have been determined. These are given in table 17. 
Several stations in the Pacific Northwest located at some distance 
from the infested areas are included for comparison. 
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Twelve of the Sel stations listed in table 17 that have an average 
temperature of 45° F’. or lower for the growing season for winter wheat 
were in or adjacent to the foot rot infested areas. There are included 
only two stations, Pendleton and Walla Walla, that are near foot rot 
- areas (although the local infestation is slight) that have an average 
temperature for the season above 45° F. These stations lie at some- 
what lower elevations than the nearby foot rot areas and no doubt 
have higher temperatures than where the disease occurs. Two 
stations, Baker and Moro, Oreg., that are free of foot rot and have an 
average Mean temperature below 45° F. for the growing season must 
be discarded from consideration, as the precipitation is too low for 
the development of foot rot. White Salmon is not in a winter wheat 
region (orchard and timbered area) and no fair testis available. While 
traces of foot rot sometimes occurred near Pullman, Nezperce, Grange- 
ville, and Rosalia no serious infestations were recorded until 1934 
following the record “open winter” of 1933-34. Since a large part 
of the Palouse soils and Idaho high prairie soils are relatively cold and 
heavy and the grain is sown later in the fall than in the regularly 
infested areas, proper conditions are not favorable for the development 
of the foot rot under average climatic conditions. 

In general, cercosporella foot rot in the Pacific Northwest thrives 
in areas having an average mean temperature for the season, Septem- 
ber to June, ranging from 40° F. (Anatone) to slightly Jess than 49° F. 
Meee of Walla Walla), with the optimum usually between 42° and 

A study of weather data indicates that average annual temperatures 
and average annual maximim temperatures have little significance 
in comparing one year’s foot rot situation with another. The data 
also show that the average monthly temperatures and the average 
erowing-season temperatures apparently are of little value in com- 
paring the relative severity of the disease for 1 year with that of 
another. Their values as indicated above are confined to aiding in 
determining the approximate geographic range of the disease in the 
Pacific Northwest. 

The influence of temperature on the progress of the disease in 1 the 
field is studied to better advantage from average daily temperatures 
than from average monthly temperatures. The records for Golden- 
dale, Wash., which has a temperature only slightly different (slightly 
colder, except in midsummer) from that at High Prairie, are given in 
figure 13. 


DISCUSSION OF CLIMATIC FACTORS AND THEIR _IN- 
FLUENCE ON PREVALENCE OF CERCOSPORELLA FOOT 


ROT 
MOISTURE RELATIONS 


Studies in both field and greenhouse show that cercosporella foot 
rot needs abundant soil moisture for its optimum development and 
that it does not thrive in comparatively dry soil nor in soil mm which 
the moisture is near the saturation point. The soil moisture available 
in the top 3 inches of soi! is most vital to the development of the causal 
fungus. Other things being equal, the severity of foot rot mcreased 
with the increase in the available soil moisture up to fairly near the 
saturation point. The field studies show that many factors cause 
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differences in the se- 
verity of foot rot under 
identical moisture con- 
ditions in the soil. 

In the semiarid 
wheat-growing area in 
which cercosporella 
foot rot occurs, there 
is vital need for. con- 
serving all possible soil 
moisture. Summer 
fallowing is universally 
practiced and ueces- 
sary for practical 
wheat production. 
Inasmuch as field ob- 
servations and con- 
trolled studies have 
consistently shown 
that foot rot prefers 
fine or very fine sandy 
loam soils in which 
there is a plentiful sup- 
ply of soil moisture 
during the spring 
months, the foregoing 
statements sound 
somewhat paradox- 
ical. However, it is 
the so-called ‘‘open 
winters”, combined 
with rains in spring 
and early summer, 
that favor the develop- 
ment of the disease. 


Furthermore, Cercos-- 


porella herpotrichoides 
is a slow-growing fun- 
gus in comparison with 
most of the fungi asso- 
ciated with it. There 
is a possibility that the 
normal soil flora of the 
semiarid country per- 
mits the slow-growing 
stroma-forming C. 
herpotrichoides to 
thrive, whereas in 
areas continuously 
more humid it might 
be checked by faster 


erowing soil organisms. 
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FIGURE 13.—Daily mean temperature at Goldendale, Wash., during 
the growing seasons (Sept. 1 to June 30) of 1927 to:1934 as compared 
with the 7-year average, which is represented by the smoothed line. 
Approximate date of beginning of foot rot injury for each year is indi- 
cated by arrow. . 


A critical comparative study of the soil floras of cercosporella-infested 
soils and similar soils in more humid areas 1s needed. 
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In this disease, which attacks the wheat plants at the soil line, it is 
difficult to segregate arbitrarily the various components of the environ- 
ment for separate observation, especially those so closely linked as 
’ temperature and moisture. 

Heald (6, Bull. 175, p. 36) maintained that temperature was a vital 
factor in determining ‘the relative prevalence of cercosporella foot rot. 
He stated that during the period 1921-22: 

The season was one marked by very slight rainfall and high temperatures and 


the foot-rot which had been so severe in previous years failed to develop. It was 
to be found in only slight traces in any fields. 


The next year he reported (6, Bull. 180, pp. 42-43): 


The season was in marked contrast to that of 1922, in which no foot-rot de- 
veloped. During the middle of December, 1922, there was a period of seven days 
with a minimum temperature below zero, while following this there was a warm 
period, without a snow cover during which there were eleven consecutive days 
when the minimum temperature ranged from 32 degrees to 52 degrees F. This 
period, in which the ground was never frozen and growth was stimulated, was 
followed in February by a second period of zero weather. During the spring of 
1923 there was an abundance of rain until well toward the period of harvest. 
It was predicted that these conditions would be favorable to foot-rot and this 
proved to be true, as the disease was prevalent in all of the plots. 

Hybrid 128, a one-time standard variety in the Columbia Basin, is 
adapted to areas having a climate similar to that at Goldendale, 
Pullman, and Spokane, Wash., and La Grande and Ortley (Seven Mile 
Hill), Oreg. The average of the mean monthly air temperatures for 
these stations is as follows: February, 33.1° F.; March, 40.1° F.; 
April, 47.8° F.; May, 53.6° F.; and June, 59.9° F. There is no infor- 
mation available on soil temperature at the ground line. The cer- 
cosporella foot rot, which develops best in the host (Hybrid 128) at 
10° C. (50° F.) but can develop readily at 6° C. (42.8° F.) usually 
begins activity in March (January in 1933-34) and progresses most 
rapidly in April up to May. Because controlled soil-temperature 
experiments indicate that the disease can also make fair progress at 15° 
C. (59.0° F.), possibly temperature may not be the most important 
inhibitory factor in late season. Because high temperatures in this 
area usually are accompanied by reduced humidity, precipitation, 
and soil moisture, it is likely that moisture may be a more vital factor 
than temperature. However, tests with soil thermometers show that 
the soil-line temperature on sunny days in the spring rises at least 
to 40° C. (104° F.), a temperature at which cercosporella foot rot 
cannot thrive, even though the air temperature is below the maximum 
growing temperature for the fungus. Therefore, in final analysis, 
high temperature probably is nearly as important as deficient soil 
moisture in slowing up the progress of the disease in late season. 

e it is evident that cercosporella foot rot attacks the wheat 
nantes in April, when they are growing at their optimum temperature, 
observations indicate that if the host is not exposed to the normal 
increase in temperatures as it approaches heading and maturity, the 
fungus will rapidly increase the severity of its attack. 

As is the case in many other soil-borne diseases, the optimum tem- 
perature for growth on nutrient media lies considerably above the 
optimum temperature for growth of the fungus in the host. However, 
while the fungus grows most rapidly at 21° C. it is obvious that or owth 
at considerably lower temperatures is good and that the mycelium 
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is more compact at the lower temperatures and actually in better 
physiological condition than at 21°. The fact that the fungus can 
make measurable growth at temperatures slightly above freezing and 
is unable to grow at temperatures above 30° is in itself strong evidence 
that the fungus thrives best under cool conditions. Its optimum 
growth temperature in pure culture is only slightly higher than that 
of the well-known cool temperature organism, Botrytis cinerea Auct., 
and is several degrees lower than the optimum temperature for 
Ophiobolus graminis Sacc. (2), Gibberella saubinetit (Mont.) Sacc. (3), 
or Helminthosporium sativum Pam., King, and Bak. (9). 

Some observers think that the cercosporella foot rot is a secondary 
manifestation of winter injury, while others contend that winter injury 
has nothing whatever to do with the malady. Because the artificial 
inoculation under greenhouse conditions without any subfreezing 
temperatures has been very successful for the writer, it is evident 
that freezing of the host is not necessary for heavy infection by 
Cercosporella herpotrichoides. As mentioned previously, freezing in- 
creases the susceptibility of plants, particularly early in the season. 
The writer is convinced that an arbitrary stand favoring low temper- 
ature injury as the primary factor or an equally arbitrary stand dis- 
missing it entirely are not borne out either by controlled studies or 
by climatological field studies. 


SEASONAL CLIMATE 


In order to present a final summation of how the various climatic 
factors have operated during the several years that records have been 
taken, it will be necessary to give a brief chronology of these years. 
Fellows ‘ made detailed surveys for several years before 1929 and the 
writer has done the same since that time (13). Heald (6) and Mc- 
Kinney (10) gave general data on the relative severity of the disease 
during the years 1919-24. The seasonal conditions at La Grande, 
Oreg., for the various years since 1927 are summarized in a very 
general way in table 18. 


TABLE 18.—Climatic conditions and the amount of cercosporella foot rot in Union 
County, Oreg., in comparison with average seasonal conditions at La Grande, Oreg. 


Late winter and Late spring and] Relative 


Fall Winter : Midspring . 
Year re = early spring early Summer | severity of 
(Sept.—Nov.) (Dec.-Feb.) (Feb.—Mar.) (Apr.) (May-June) foot rot 
1927-28___| Warm andes Coldae= == Warm and | Cooland moist | Warm_____---- Very Severe. 
moist. moist 
1928-29___| Warm SOO ee Goma Wiarmbe.-2 22 Cool and dry__| Moist__--_.2_- Moderate. 
very dry. 
1929-30___| Cooland dry__| December | Warm andeaese GoLen ese Gyo tase Light 
warm; Jan- dry. 
uary partly 
subzero. 
1930-31._.| Dry near av- | Average_____-_- Average and | Warm and | Warm and | Moderate. 
erage tem- wet. dry. later moist. 
perature. 
1931-32___| Dry variable | Cold, later | Rapidrun-off, | Cooland wet, | Dry___-----__- Moderate+. 
temperature. warmer. cooland wet, | later warmer. 
later warmer. 
1932-33___| Warm and dry,| Subzero freeze | Cold________-_- Coolist 2-5: Cool and} Severe—. 
moisture later. | in December. moist, later 
warmer. 
1933-34___| Warm and | Warm and | Warm and | Warm and | Warm,becom- | Very Severe. 
moist. moist. moist. moist. ing drier. 
1934-35___| Dryand warm_| Average_-___--_- Warm but soil | Cooland moist | Average tem- | Moderate-+. 


7 Unpublished reports. 


cool. 


perature; dry. 
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The approximate influence of the more important climatic factors 
is shown graphically in figure 14 for Union County, Oreg., and in 
figure 15 for the Palouse area. These factors are (1) growing-season 
precipitation (September—June) ; (2) precipitation in March and April; 
_(3) accumulated degrees of daily mean temperature above freezing, 
September 15 (Oct. 1 for the Palouse) to March 30; and (4) accumu- 
lated degrees of daily mean temperature above freezing during Novem- 
ber and February. The conditions necessary for severe infection are: 
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FIGURE 14.—The interrelations of four vital factors in determining the severity of cercosporella foot rot in 
Union County, Oreg., one of the regularly infested foot rot sections. The climatological data are taken 
from the records of the La Grande, Oreg., meteorological station. The areas enclosed by the lines made 
by connecting the points where each factor for each year occurs on the-radii from the central point cor- 
relate closely with the severity oijthe foot rot for each season. Certain other factors, such as soil moisture 
at seeding time or an excess of erowth- retarding days in late spring, may influence the accuracy of this 
correlation. 


The host plant, through a sufficiently long growing season, must have 
reached a stage of heavy growth in the spring to become very sus- 
ceptible to the invasion of the fungus. Then if there is moist, cool 
weather in late February, March, and April, foot rot will be destruc- 
tive, especially if the backward weather is prolonged into May. 

If any one of the several factors shown in figure 14 are deficient or 
if soil moisture is deficient at seeding time, foot rot is likely not to 
prove serious that season. Figure 15 indicates that foot rot is inhibited 
by the average severe winters and late spring seasons of the Palouse 
area and high prairies in Idaho, but during unseasonably warm years 
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such as 1927-28 and 1933-34 foot rot will occur in these colder soils. 
In 1934, the loss was very heavy ® ° in the vicinity of Nezperce, Cot- 
tonwood, and Grangeville, Idaho, a section where the disease had not 
been reported previously except as a trace. The following year the 
disease was again practically absent from the high country (above 
3,000 feet elevation), but the weather had been sufficiently mild to 
permit a slight amount of foot rot to develop in the Palouse region 
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FIGURE 15.—Diagram similar to that shown in figure 14 with climatological data from the meteorological 
station at Rosalia, Wash., which is representative of the higher prairies (Palouse area and adjacent sec- 
tions) having colder soils and which are usually free from severe foot rot injury. The necessity of warm 
“open winters’”’ and early springs for optimum foot rot development is clearly indicated for such a section 
as the vicinity of Rosalia, Wash. 


proper. It is obvious that cercosporella foot rot will be destructive 
to wheat growing on the heavier, colder prairie soils only under 
exceptionally warm, moist, and prolonged growing seasons. 


SUMMARY 


This circular presents results of studies conducted in the laboratory, 
greenhouse, and field on the influence of climatological factors on the 
distribution and severity of the foot rot disease of winter wheat 
caused by Cercosporella herpotrichoides Fron. 


8 SPRAGUE, R. CERCOSPORELLA FOOT ROT OF WINTER GRAINS IN THE PACIFIC NORTHWEST. U.S. Dept. 
Agr., Bur. Plant Indus., Div. Cereal Crops and Diseases. 1934. [Mimeographed.] 

® Epson, H. A., MILER, P. R., and Woop, J. I. DISEASES OF PLANTS IN THE UNITED STATES IN 1934. 
U.S. Dept. Agr., Bur. Plant Indus. Plant Disease Reptr. Sup. 90: 1-135. 1935. [Mimeographed.]} 
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The disease in the United States is found in prairie sections of the 
Pacific Northwest. The climatic conditions that prevailed over this 
area from 1928 to 1935 (the several years that the study was conducted) 
are briefly discussed and correlated with the observed behavior of the 
disease. 

The annual rainfall in the localities where foot rot is prevalent 


- varies from 14 to 25 inches. The relation of the distribution of 


foot rot to rainfall is given in detail. It is also shown that variation 
in the time of seasonal rainfall influences the time when the disease 
develops. The rainfall in spring aids in spreading secondary infection 
in the fields. 

In the semiarid area in which foot rot occurs soil moisture and precip- 
itation are closely linked, especially toward harvest when the 
moisture that was originally in the summer-fallowed soil has been 
exhausted. Field and laboratory studies show that the greater the 
soil moisture (until near the saturation point) the greater the amount 
of foot rot. Foot rot thrives in those soils that have a low wilting 
point coefficient and that do not tend to become dry and baked. There 
are many complications that frequently obscure the effects of soil 
moisture on the development of the disease. Snowbanks, straw 
piles, soil types, rotation, and direction and pitch of slope all tend to 
modify the influence of soil moisture. 

The relative humidity at the soil surface is also a vital point. The 
foot rot increases with an increase in relative humidity. The winds 
that are so frequent in the Columbia River Basin often save the 
orain from serious damage by drying out the surface soil. On the 
other hand, the wind may kill many culms by dehydration that have 
been weakened by disease through early spring attacks. — 

Good growing temperatures for the host are usually good growing 
temperatures for the parasite, but the fungus can thrive at lower tem- 
peratures than can the host. 

Mean daily temperatures above 60° F. are considered nearly as 
effective as low soil moisture in checking the progress of the disease 
late in the season when high temperatures and low precipitation 
usually prevail. 

Cercosporella foot rot occurs in portions of the Columbia River Basin 
where the mean temperature for the growing season (September to 
June) usually is between 40° and 45° F. (4° to 7° C.). Cercosporella 
herpotrichoides makes optimum growth at a soil temperature of about 
10° C. (50° F.). It is able to grow readily at cooler temperatures but 
does not thrive at soil temperatures much above 15° C. (59° F.). 
The optimum temperature for growth in pure culture is 21° C. 
(69.8° F.), and the maximum 30° C. (86° F.). 

Freezing temperatures injure the smaller, weaker culms of the host, 
permitting the fungus to infect them during early spring and thus 
increasing the amount of inoculum present in early spring, a situation 
likely to result in increased foot rot. However, freezing temperatures 
are not, in a direct way, as vitally important to the development of 
the disease as was formerly suspected. | : 

Light does not influence the action of the fungus to any observable 
extent. Wheat plants that had been forced under artificial hight fell 
prey to disease sooner than those not given supplementary light, but 
when the latter were permitted to reach the same stage as the former 
they showed essentially the same amount of infection. 
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Plants that have made the heaviest vegetative growth at an early 
date in the spring are most susceptible to the disease. To sustain a 
destructive attack of cercosporella foot rot heavy rains must occur in 
early and midspring season. The factors affecting the development 
of the disease are summarized in two-dimension graphs. 
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